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APPLICATION OF SPECIAL FLUIDIZED BED
TECHNIQUES TO COAL GASIFICATION
Gary K. Patterson
Department of Chemical Engineering
University of Missouri-Rolla
Rolla, Mo. 65401

ABSTRACT
The properties of fluidized beds can be drastically altered by the insertion of
various types of internal structures. These include screens of all types and
orientations, baffles both horizontal and vertical, and heat transfer surfaces.
Experimental studies of certain of these internals have been carried out at UMR
with the aim of improving the quality of the fluid bed. By improved quality is
usually meant smoother, better controlled fluidization, minimized slugging, im
proved gas-solid contacting, increased or smoothed heat or electrical conduction,
and control of the solids movement pattern.
What has been learned at UMR, particularly with difficult to fluidize materials,
and other data in the literature is applied in this paper to considerations of
the design of fluidized bed coal gasifiers. Implications to several gasifier
design types are discussed. Recommendations for future research work related
to fluidized coal gasifier design are presented with regard to the needs of each
design type.
BACKGROUND
The quality of fluidization which occurs in coal
gasifiers is very poor because of the puff-shaped
particles and very low bulk density of the char
H 2)
produced.' ’ ' In order to improve the fluidiza
tion for the sake of process efficiency and oper
ability, modifications to the bed geometry are
sought which will cause less slugging and channel
ing.
An early recognized problem in fluid bed gasify
ing of coal is the tendency of the coal to cake
and form large agglomerates as it goes through a
soft stage immediately after being fed to the hot
fluidized bed. Each of the present fluidized bed
processes uses some method of pretreating the
coal at a lower temperature before it reaches the
high temperature gasification bed in order to
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volatilize the organic components and remove the
caking tendencies of the softer coals. This process
produces the char which is principally carbon and
ash.
The caking problem is probably compounded by the
slugging-channeling tendencies mentioned above.
Only very high fluidization velocities will main
tain the complete bed in a fluidized state.
An internal modification which offers the possibil
ity of solving both the caking and poor fluidization
problems has been studied using coal char and sev(2)
eral other low density materials' . At one diameter
distances, donut-shaped baffles (orifices) were in
stalled throughout the bed. The orifice to bed
diameter ratio was either 0.33, 0.5, or 0.67, the
0.5 ratio having the most attractive overall effect
on the bed. Figure 1 shows a schematic of the

8-inch diameter bed which was used in the fluidi
zation study, and Table I shows the properties of
the solids fluidized. Table II shows a comparison
of bed height variation and bed expansion for the
solids used with and without 0.5 ratio baffles.
Figure 2 shows a visual comparison of bed behavior
for the various size baffle orifices.

60 pounds/minute. The conversion of the hydrogen
was assumed to be 80%. The kinetic information
for hydrogasification measured by Wen, Abraham,
and Talwalkar© was used to determine reaction
rates. There is some doubt about the translation
of kinetic data obtained in a moving bed to the
fluidized bed application, but since the results
are to be comparative only their usefulness should
not be impaired.

The orifices caused a definite staging of the bed
and reduced the slugging of the bed such that bed
height variations were reduced from 30% to less
than 1%. The solids tended to recirculate with a
high velocity within each stage with some reflux
ing through the orifice holes. This undoubtedly

Bubbling bed. The K-L model for a bubbling fluid
ized bed yields the following design equation:
'bed

caused considerable gas recirculation in each stage
as well, but that has not yet been verified by
experimental measurement. A much wider range of
gas velocities with reasonable fluidization was
possible with the baffles than without them©.
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where Kg^ and K ^ are volumetric gas exchange rates
per unit bubble volume as described diagrammatically in Figure 3,
vy and VS are fractions of volume occupied by solids
for regions y and S,

As shown in Figure 1 solids collect on the tops
of the baffles. In the actual process situation
this may present a problem if chunks break off
easily, but should be no problem if the chunks are
stable. Baffles with sloped top surfaces can be
designed into the refractory wall to help avoid
this problem.

Xn is the final conversion of the feed hydrogen,
2
u^ is the bubble rise velocity,
A is a kinetic rate parameter obtained from the
Wen, et al. data and is as follows:
Pc k] f RT
ub Ac Po pc k1 M fin©
A =
(2)

DESIGN CONSIDERATIONS
Besides the possible improvement in operability
which may result from the baffle design discussed
above, there may also be an improvement in the gas
conversion levels in either hydrogasification pro
cesses (Hydrane and Hygas), steam-hydrogen process
es (Battelle, Cogas) or 1n steam-air or steamoxygen gasification processes (COED, Synthane,
Bigas). Application of the Kunii-Levenspiel (K-L)
(3)
model
for a bubbling fluidized bed was made to
obtain an approximation of the bed height necessary
for a given feed gas conversion in order to obtain
a baseline for comparison with a bed baffled as
described above. The hypothetical conditions were
for a hydrogasifier with hydrogen feed at an initial
partial pressure of 10 atmospheres, a bed tempera
ture of 1600°F, and a superficial gas velocity of
3 feet/second. The bed of one foot diameter was
assumed to be fed by pulverized coal at a rate of
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where pc is the carbon particle density,
k.| is the reaction rate constant of approximately
0.2 lb CH4 produced/(hr-lb bed-atm of H2),
f is the carbon conversion where the reaction be
comes diffusion controlled (f = 0.25),
PQ is the initial H2 partial pressure,
Fc is the coal feed rate.
The.reaction rate constant was measured as a func
tion of carbon conversion by Wen, et al. and de
creases significantly as f is approached. Under
the conditions of these calculations, however, f
was not approached - high carbon conversion could
be obtained only under very low feed rates because
the second (diffusion controlled) phase of reaction
is so slow. The second term on the RHS of Equation
(2) was, therefore, much smaller than the first
term.

With the conditions used here the values of the
various terms in the design equation took on the
following values:
u^ = 5.8 feet/second
KgY = 4.5 ft3 gas exchanged/(sec-ft3 bubble
phase)
K 5 = 0.371 ft3 gas exchanged/(sec-ft3 bubble
phase)
v = 0.028 ft3 carbon/ft3 bubble phase
v, = 0.017 ft3 carbon/ft3 bubble phase
6
3
9
A = 0.766 ft H2 reacted/(sec-ft carbon)

Of the above, only the value of v,a could significantly affect the comparison of the design result
with that for a bubbling bed. The v-value of 0.09
is regarded as a conservative value, however, and
could not be in error enough to significantly af
fect the conclusion.
The result of the calculation for the baffled bed
is that a 9.2 foot bed would be required to produce
an 80% conversion of hydrogen. That is significant
ly less than the result for the bubbling bed and is
caused primarily by the improved fluidization and
the hydrogen being forced through the agitated phase.

With those values a bed height of 18 feet would
be necessary for 80% conversion of the hydrogen.

An attempt was made to apply the kinetics de
rived from an alternate set of hydrogasification
data obtained by Lee, Pyrcioch, and Schora©, but
those data must apply only to the diffusion limited
reaction which according to Wen, et al. occurs
above carbon conversion of 0.25. The values were
very low (order of 0.01 lb carbon converted/(lb
carbon in bed'hour-atm H2)) in comparison to the
reaction rate constants found by Wen, et al. for
low carbon conversion.

Baffled Bed. In order to compare the predicted
performance of a baffled bed with the unbaffled
bubbling bed, a model based on the presence of an
agitated phase, through which all gas must pass,
and a dilute phase, through gas and solids recir
culate, as shown in Figure 3.
When a material balance for the hydrogen passing
through the agitated phase is solved for reaction
rate and then rearranged into a design equation
for a baffled bed, the following results:
-bed = ualn(Tor -)(-

V +
'ad

vdA

where ua is the gas velocity through the agitated
phase as indicated in Figure 3,
vg and vd are solids volume per unit agitated phase
volume in agitated and dispersed phases, and
Kgd is the volumetric gas exchange rate per unit
volume of agitated phase between agitated and
dilute phases (see Figure 3).
For use in the equation the following approxima
tions to the values of the constants were made:
3
3
Kgd ~ 6.75 ft gas exchanged/(sec<ft agita
ted phase)
u ~ 4.5 feet/second
a
3
3
vg ~ 0.09 ft carbon/ft agitated phase
vd ~ 0.001 ft3 carbon/ft3 agitated phase
Xu = 0.8

Application of the reaction kinetics at high car
bon conversion would result in predictions of very
high fluidized beds for a given conversion level of
carbon. The bed height ratios for bubbling to
baffled beds would, however, be about a factor of
two as found above. The main advantage of the
baffled bed for the lower section of the bed would
be approximately twice the carbon conversion beyond
0.25 for a given bed height.
The realization of a baffled bed of the fashion
discussed here has been demonstrated for high tem
perature petroleum coking operations, where the
baffles were formed into the wall of a refractory
liner©.
APPLICATION OF BAFFLED BED
TO VARIOUS DESIGN TYPES
The application of the baffled bed to the Hydrane
and Hygas processes would seem from available data
to point to possible inprovement in the process
since they are hydrogasification processes. From
the data of Wen, et al. it seems that the same

H2

A ~ 0.776 ft3 H2 reacted/(sec-ft3 carbon)
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conclusion could be made about the Battelle and
Cogas steam-hydrogen processes, since the C-H2 and
C-H20 reactions occur with the little interference
at similar rates. It is not clear what would hap
pen when oxygen and steam are injected into the
gasification bed (COED, Synthane, and Bigas), be
cause the kinetics are much more complicated and
have not yet been applied to this model of a fluid
bed. The improved gas-solid contacting baffled
would probably be an advantage in those processes
as wel1.
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Table 1. Solids Properties
Cumulative Weight Per Cent on Screen
Screen Size
Dm

Tyler

2380
1410
840
420
297
250
212
177
149
105

8
12
20
35
48

74
44

Petroleum
Coke

Coal Char

Sawdust

9.6
24.2
45.8
73.6
85.6

0.5
14.8
67.1
94.7
99.1

92.7

99.7

12.5
65
80
100
150
200
325

Shape

43.2
68.9
90.4
98.0
99.8

97.2
99.8

Spherical

Bulk Density
(Poured) g/cc

0.95

Puffs &
Fines

Fibrous (to
L/D of 5)

0.16

0.33

Table II. Bed Height Variation
and Bed Expansion with and without Baffles
Solids Type
Petroleum Coke
Petroleum Coke
Coal Char
Coal Char
Sawdust
Sawdust

Baffle Openinq

uqS

No Baffle
0.5 D
No Baffle
0.5 D
No Baffle
0.5 D

ft/sec
3.1
3.1
3.1
3.1
6.6
6.6

where D is column diameter
uQ is superficial gas velocity
H is bed height
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H /H
.
avq rest

AH/Hrest

1.57
1.40
1.47
1.60
1.38
1.61

0.44
0.03
0.40
0.01
0.30
0.04

Figure 1.

Fluidized bed apparatus.
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GAS EXCHANGE
Kad

REAL BUBBLING BED
W/O BAFFLES (BUBBLES
RISE AT VELOCITY UD)

K-L MODEL FOR BUBBLING
BED

D

Figure 3. Schematics of the real and model versions of the baffled and bubbling beds.

6-cm Orifices, Char

(0.33D)
Figure

10-cm Orifices,Char

14-cm Orifices, Char

(0.5D)
2.

(0.67D)

10-cm Orifices,Coke

(0.5D)

Comparison of wall baffle effects for 6-cm, 10-cm, and 14-cm orifice sizes for coal char, and for the
the 10-cm orifice for petroleum coke.
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